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(g) In order to detenmine the flow parameters of a 
ttiree-piiase fluid which e.g. in a hydrocarbon 
producing welt, may be constituted for example 
by a continuous water phase together with 
discontinuous phases of oil and of gas in the 
form of bubbles, a local sonde (40a) is used for 
identifying the phases present. The sonde (40a) 
comprises two sensors (42a, 44) which are res- 
ponsive to different physical properties of the 
fluid and which are situated at substantially the 
same point, in such a manner as to provide a 
different set of signals for each of the phases. 
The sensors may comprise, in particular a 
radiofrequency sensor and an optical sensor 
disposed coaxially therewith at the end of a 
coaxial cable (42a) whose core comprises a 
metal-coated optical fiber (44). 
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The Invention relates to a method suitable for use 
with a flowing fluid that may contain three distinct 
phases, namely a continuous phase and dispersed 
phases, to detenmine the nature of the phase at a spe- 
cific location, e.g. In a hydrocarbon producing well. 

The invention also relates to a method and to ap- 
paratus capable, after the phase in presence has 
been identified, of detemnining the flow parameters of 
the fluid such as the velocity and the diameter of the 
bubbles present in the continuous phase, or the su- 
perficial velocity of the dispersed phase. 

In a hydrocarbon well in production, the fluid re- 
covered at the surface may comprise a mixture of wa- 
ter- which generally fonrts the continuous phase - and 
of oil and gas which form the dispersed phases. For 
well monitoring. It is desirable to know the respective 
proportions of each of the phases at various different 
depths. To this effect, it is common practice to perform 
production togging measurements. 

In the case of a bA/o-phase fluid, French Patent 2 
645 901 proposes placing one or more very small lo- 
cal sensors, such as radiofrequency sensors, at suc- 
cessive different depths inside a hydrocarbon well. In 
that case, the output signal from each sensor is at a 
different level depending on whether the sensor is in 
the presence of water or of hydrocarbon. In addition, 
It has been observed that the transition periods be- 
tween the various levels of each signal can be used 
to detenmine some of the flow parameters of the dis- 
persed phase which Is usually in the fomn of bubbles 
in the continuous phase. These b-ansition periods can 
be used, in particular, to determine the displacement 
velocities of the bubbles, and in combination with a 
signal representative of the length of time a bubble Is 
present at a sensor, to determine the diameters of the 
bubbles and also the superficial velocity of the dis- 
persed phase, i.e. the ratio of the flow rate of said 
phase to the measurement section. 

In practice, these various items of information are 
obtained after the measurement signal provided by 
the local sensor has been processed. The processing 
provides a first signal indicative of the length of time 
a bubble is present at the sensor, and a second signal 
indicative of the durations of the transition periods 
during which the output signal from the sensor 
changes from one level to another. 

When the fluid flowing along the hydrocarbon well 
contains only one dispersed phase such as oil within 
a continuous phase such as water, the use of small- 
sized sensors (radiofrequency sensors for a water-oil 
mixture) makes it possible for the measurements 
mentioned above to be performed under good condi- 
tions. 

However, such sensors do not enable the expect- 
ed results to be achieved when the flowing fluM con- 
tains a second dispersed phase such as a gas which 
a radiofrequency sensor Is incapable of distinguishing 
from oil in the presence of water. 


According to the invention, a local detenfnination 
of the nahjre of a phase in a moving three-phase fluid 
is achieved by using information provided by a sonde 
constituted by two sensors that are different in nature, 

5 the sensors being small In size and located at sub- 
stantially the same po8itk>n. 

More precisely, the present invention provides a 
method of locally determining the nature of a phase in 
a flowing fluid that may contain three distinct phases, 

10 comprising the steps of : 

generating at least two signals at substantially 
the same point In the fluid, said signals being respec- 
tively representative of the local values of different 
physical properties of the fluid at said point, said prop- 

15 erties being such that each phase corresponds to a 
distinctive set of signals; 

detecting said signals; and 
identifying the nature of the phase from the set 
of detected signals. 

20 Advantageously, a first one of the signals is ob- 
tained by means of a radiofrequency sensor capable 
of measuring the local dielectric constant of the fluid, 
and making It possible to distinguish the presence of 
hydrocarbon (oil or gas) in the water. 

25 The second signal may be provided by any other 
sensor capable of distinguishing a gaseous phase 
flrom a liquid phase (water or oil). In particular, such a 
sensor may be an optical sensor responsive to the re- 
fractive index of the fluid, or a sensor responsive to 

30 pressure fluctuations in the fluid, such as a piezoelec- 
tric sensor responsive to the propagation velocity of 
sound in the fluid. 

Advantageously, these two sensors may be 
mounted coaxially so as to fonm a single sonde capa- 

35 ble of peribnming two different measurements at sub- 
stantially the same point in the fluid. 

Thus, in a first embodiment of the invention, the 
sonde compri£;es a coaxial cable having one end 
fonning a radiofrequency sensor, said cable Including 

40 a metal-coated central optical fiber having one end 
that constitutes both an optical sensor and a central 
conductor for the radiofrequency sensor. 

In a second embodiment of tiie invention, the 
sonde comprises a coaxial cable having one end con- 

45 stltuting a radtofrequency sensor, the said cable In- 
cluding an intermediate tube made of electrically 
insulating material with one end thereof constituting 
both an optical sensor and an insulator of the radio- 
frequency sensor. 

50 Once the nature of a phase has been established, 
the invention also makes it possible to detemnlne the 
flow parameters of a fluid that may contain three dis- 
tinct phases, on tiie basis of the measurement signal 
delivered by at least one of the sensors of tiie sonde. 

55 To this end, once the nature of the phase present 
has been identified, at least one of tiie measurement 
signals delivered by the two sensors is processed for 
the purpose of obtaining at least one signal represen- 
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tative of a flow parameter of said phase. 

A preferred embodiment of the invention is descri- 
bed by way of non-limiting example and with refer- 
ence to the accompanying drawings, in which: 

Figure 1 is a diagrammatic side view, partially in 
section, showing a logging installation installed at 
an oil well for perfbnnfitng the methods of the in- 
vention and constituting the apparatus of the In- 
vention; 

Figures 2A and 2B are longitudinal section views 
showing two different embodiments of a sonde 
designed for use in the installation of Figure 1, in 
accordance with the invention; 
Figure 3 is a biocic diagram showing the various 
circuits which are associated with the sonde to 
identify the phase that is present and to detemiine 
the various physical parameters relating to the 
flow of the fluid; and 

Figure 4 is a waveform diagram showing one ex- 
ample of how the measurement signals Vrf and 
Vqp delivered by the detector circuits associated 
with each of the sensors in the sonde vary simul- 
taneously at a function of time t as a bubble of oil 
and a bubble of gas pass the sonde in succes- 
sion. 

Figure 1 shows an oil well 10 lined intemally with 
cylindrical casing 1 2 through which a three-phase flu- 
id 14 flows towards the surface. In the description be- 
low, and by way of example, the three-phase fluid is 
assumed to be constituted by a continuous water 
phase having a dispersed phase of oil and a dis- 
persed phase of gas therein, both in the form of bub- 
bles. The fluid reaching the surface is conveyed by a 
duct 16 to a storage installation (not shown). 

The well 10 shown In Figure 1 is also fitted wiUi a 
logging installation mainly comprising a logging tool 
18 suitable for being displaced within the casing 12 to 
perfbmi measurements at different depths, and a sur- 
face unit 20 comprising means for exploiting the infor- 
mation delivered by the logging tool 18. 

The logging tool 1 8 Is suspended from the end of 
a cable 22 whose opposite end is wound onto a winch 
24. To obtain the depth of the logging tool 1 8 down the 
casing 12, detector means 28 known to the person 
skilled In the art are associated with the winch 24 for 
detecting magnetic marks that are disposed at regular 
intervals along the cable 22. 

The logging tool 1 8 mainly comprises an elongate 
body 30 whose top and bottom ends are respectively 
connected to an electronics section 32 and to a nose 
34. Positioning members 36 such as centralizers are 
placed immediately above and below the body 30 so 
as to position it inside the casing 12 when a measure- 
ment is to be performed. In the example shown, the 
members 36 serve to place the elongate body 30 on 
the axis of the casing. Altematlvely, ottier types of 
positbning member could be used, in particular for 
pressing the elongate body 30 against the casing. 


The body 30 of the logging tod 18 carries one or 
more hinged arms 38 (e.g. three arms) pivotally 
mounted about axes that are orthogonal to the longi- 
tudinal axis of the tool, whereby each of them Is mov- 

5 able between a position in which it Is retracted against 
the body 30 and a deployed position as shown in Fig- 
ure 1. The retracted position of the anms 38 is used 
while the tool is being displaced between two meas- 
urements stations. In contrast, the arms 38 which car- 
te ry measurement sondes 40 at their ends are placed 
in tiieir deployed positions when a measurement is to 
be performed. The pivoting of the arms 38 between 
their two positions may be controlled by any conven- 
tional means such as hydraulic actuators (not shown). 

IS The positions occupied by tiie local sondes 40 in 
the well depend both on the position of the body 30 
inskle the casing 12 as determined by the positioning 
members 36, and on the deployed positions of the 
arms 38, with said positions being advantageously 

20 detenmined as described and claimed in French Pa- 
tent 2 637 089. 

In accordance witti the invention, each of the local 
measurement sondes 40 comprises two sensors that 
are mounted coaxially so as to measure two different 

25 physical characteristics of tiie fluid 14 at a single lo- 
cation. More precisely, these physical characteristics 
are selected so that the two sensors are capable of 
performing different discriminations between the 
three phases contained in the fluid, in particular, in the 

30 example under consideration where the fluid 1 4 com- 
prises a continuous water phase containing bubbles 
of oil and bubbles of gas, one of the sensors is select- 
ed to be capable of distinguishing between hydrocar- 
bons (oil or gas) and water, while the other sensor Is 

35 selected to be capable of distinguishing between gas 
and liquki (water or oil). 

In practice, the first sensor may be constituted, in 
particular, by a radiofrequency sensor responsive to 
changes in the dielectric constant of the medium in 

40 which it is located. The second sensor may be consti- 
tuted by an optical sensor which detects changes in 
the refractive index of the medium. 

In a variant, the second sensor may alternatively 
be an anisotropic optical fiber sensor including a com- 

45 ponent whose plane of polarization varies as a func- 
tion of pressure. The second sensor could also be 
implemented in the fomn of a stack of piezoelectric 
pellets made of ceramic and responsive to the prop- 
agation of sound in the medium. 

so Two embodiments of a sonde comprising an as- 
sociation of a radiofrequency sensor and an optical 
sensor responsive to the refracthre index of the me- 
dium are desaibed below with reference to Figures 
2A and 2B in succession. 

55 In the embodiment shown in Figure 2A, the sonde 
40a is formed by a conical end of a coaxial cable 42a 
whose central core is a metal-coated optical fiber 44. 
The conical end of ttie coaxial cable 42a constitutes 
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a radiofrequency sensor, whereas the conicai end of 
the optical fiber 44 fomns an optical sensor. 

More precisely, the coaxial cable 42a comprises: 
an electrically insulating intermediate component, 
e.g. constituted by a glass tube 46a; an outer conduc- s 
tor 48a. e.g. constituted by a layer of molybdenum; 
and a central conductor 50a constituted by a metal 
coating, e.g. of molybdenum, fonned on the optical 
fiber 44. The optical fiber 44 may itself be constituted 
by a silica fiber. In order to ensure that the assembly to 
withstands pressure and above all to avoid any risk of 
fluid infiltrating Into the interfaces between the various 
layers of the sonde 40a, in particular between the met- 
al coating 50a and the insulating component 46a, the 
parts of the assembly may be interconnected by glu- f 5 
ing or by melting a metal coating 50a. 

A combined optical and electronic connector (not 
shown] of known structure connects the opposite end 
of the coaxial cable 42a to the detector circuit associ- 
ated with the radiofrequency sensor, which circuit is 20 
represented diagrammatically at 52 in Figure 3. In 
conventtonal manner and as described In detail In 
French Patent 2 645 901 , this detector circuit compris- 
es a high frequency generator whose output is con- 
nected to an amplifier associated with a lowpass filter, 25 
with this assembly being connected to the end of a 
branch of a Wheatstone bridge having one of Its 
branches constituted by the coaxial cable 42. A detec- 
tor located at the center of the bridge delivers a meas- 
urement signal Vr^ representative of bridge 30 
unbalance. This unbalance is Itself a function of the di- 
electric constant of the phase of the fluid in contact 
with the end of the sonde 40a. Thus, and as shown at 
the top of Figure 4, the measurement signal V^p is sig- 
nificantly lower during time intervals Ato and AIq dur- 35 
ing which the end of the sonde is respectively in 
contact with a bubble of oil and with a bubble of gas, 
than when said end Is in contact with the continuous 
water phase. 

As mentioned above, the optical sensor is consb- 40 
tuted by the conically pointed end of the optical fiber 
44. The cone angle formed by said end depends on 
the dielectric constants of the various phases of the 
fluid in which the sensor is located. Because of this 
angle, a highly directional incident light beam con- 45 
veyed by the optical fiber 44 is totally reflected with a 
phase or phases having a refractive index greater 
than a given threshold whereas, in contrast, it is totally 
transmitted with a phase or phases having a refractive 
index below the threshold. so 

In practice, the optical sensor allows bubbles of 
gas to be distinguished from the liquid phases (water 
and oil) present in the fluid flowing along the well. Suit- 
ably, the angle fonned by the end cone of the optical 
fiber 44 relative to a right cross-sectton through the 55 
fiber is given a value that is close to 65*". 

As shown diagrammatically in Figure 3, the opti- 
cal sensor made of the conical end of the optical fiber 


44 is connected by the fiber to an associated detector 
circuit 54. The detector circuit 54 essentially compris- 
es a laser diode that emits a beam of substantially par- 
allel light which is transmitted to the optical sensor by 
the optical fiber, and a photoreceiver capable of trans- 
forming the light beam that may be reflected by the 
conical end of the fiber into an optical measurement 
signal Vqr. 

The bottom portion of Figure 4 shows that this 
measurement Vqp has a substantially constant value 
while the sensor is in the continuous water phase and 
while it Is in the presence of a bubble of oil during time 
interval Ato. This value is a high value corresponding 
to substantially total reflection of the parallel light 
beam at the conical end of the optical fiber and rep- 
resentative of a liquid medium whose refractive index 
is greater than a threshold determined by the angle 
formed at said conical end. 

In contrast, during the presence of a bubble of gas 
during time interval Ato, the measurement signal Vqp 
delivered by the detection circuit 54 associated with 
the optical sensor drops to take up a value that Is sub- 
stantially zero, which represents substantially total 
transmission of the light beam at the conical end of the 
optical fiber 44. In this case, the refractive index of the 
gas is below the threshold beyond which the incident 
light beam Is totally reflected by the conical end of the 
optical fiber 44. 

In the sonde structure described above with ref- 
erence to Figure 2A, It is important to observe that 
proper operation of the radiofrequency sensor merely 
requires the antenna-fonning central conductor 50a 
to project beyond the end of the outer conductor 48a. 
For reasons concerned with ease of manufacture and 
with obtaining good mechanical strength, and given 
the conical shape of the end of the optical fiber 44, it 
is advantageous for the entire end of the sonde to be 
given a conicai shape as shown in Figure 2A. 

However, this configuration could possibly be 
modified, e.g. Ly extending the insulating component 
46a to the end of the central conductor 50a and cutting 
it in accordance with a cross-section at that point 

Figure 2B shows a second embodiment of a 
sonde capable of being used in the installation descri- 
bed above with reference to Figure 1. In order to dis- 
tinguish it from the sonde 40a desaibed above with 
reference to Figure 2A, this sonde is given reference 
40b. 

As in the first embodiment, the sonde 40b com- 
prises a radiofrequency sensor and an optical sensor 
which are disposed coaxially. 

The radiofrequency sensor is constituted by the 
end of a coaxial cable 42b which comprises an anten- 
na-fonming central conductor 50b, an outer conductor 
48b, and a tubular insulating component 46b dis- 
posed between the conductors 48b and 50b. In this 
case, the antenna-fomning central conductor 50b is a 
solid conductor, e.g. made of molybdenum. As In the 
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first embodimentp the outer conductor 48b may also 
be made of molybdenum. The insulating component 
46b is made of glass or of silica and, in this case, it 
constitutes an annular optical fiber whose end consti- 
tutes the optical sensor of the sonde 40b. 

As in the first embodiment, the end of the coaxial 
cable 42b is advantageously oonically pointed so as 
to ensure firstly that the antenna-forming central con- 
ductor 50b projects beyond the end of the outer con- 
ductor 48b, and secondly that the end of the insulating 
component 46b constituting the optical sensor Is con- 
ically pointed at an angle of about 65* relative to a 
cross-section through the coaxial cable. 

As in the first embodiment the opposite end of tiie 
coaxial cable 42 is connected via a combined optical 
and electronic connector firstly to the detector circuit 
associated with the radiofrequency sensor and sec- 
ondly to the detector circuit associated with tiie optical 
sensor, as shown highly diagrammatlcally In Figure 3. 

The detector circuit associated with the radiofre- 
quency sensor is identical to that described above for 
the sonde 40a shown In Figure 2A. 

In contrast, given the annular nature of the optical 
fiber connecting the optical sensor to the associated 
detector circuit, tiie laser diode used in the first em- 
bodiment is replaced in this case by a lamp constitut- 
ing a light source that emits a beam of light that Is not 
parallel. Multiple reflections then occur during trans- 
mission of this incident beam along the optical fiber. 
As before, the incident light beam is reflected at the 
end of the optical fiber when the refractive index of the 
phase in which said end is immersed Is greater than 
a given tiireshold. In contrast, the beam is transmitted 
through said end towards the fluid medium when the 
refractive index of the phase in which the end of the 
fiber is immersed is less than the threshold. 

However, given the non-directional nature of the 
light beam conveyed by the optical fiber, reflection In 
the first case is not total, and in the second case trans- 
mission is not total. Consequentiy, the signal Vop de- 
livered in this case by the photosensor of the detector 
circuit associated with the optical sensor presents, as 
comared with the first embodiment of the sonde, a 
smaller difference in level between portions corre- 
sponding to the sonde being present in a liquid phase 
(water or oil) of refractive Index greater than the pre- 
determined threshold, and in a gaseous phase of re- 
fractive index below the threshold. This reduced 
sensitivity Is nevertheless acceptable provided the 
associated electronics is capable of distinguishing 
without ambiguity between the associated con-e- 
sponding portions of the measurement signal from tiie 
optical sensor. 

The non-directional nature of the light beam con- 
veyed by the optical fiber constituted by the insulating 
component 46b also has the consequence that the 
operation of the optical sensor is less sensitive to the 
angle fonmed at tiie end of the optical fiber relative to 


a right cross-section of the coaxial cable 42b. This 
may make it possible to give to the end of the optical 
fiber constituted by the dielectric 46b a shape Uiat is 
slightly different from a cone, e.g. a shape that is 

5 rounded or spherical. 

The embodiment shown In Figure 2B also has the 
advantage over the preceding embodiment of being 
simpler in structure, thereby facilitating manufacture 
and making it easier to obtain good pressure resls- 

10 tance properties, and above all good sealing. 

It should be observed tiiat in each of the embodi- 
ments described with reference to Figures 2A and 2B, 
the mechanical strength of tiie end of a coaxial cable 
constituting tiie sonde per se can be improved by re- 
ts placing the insulating component 46a at this point by 
a part made of a material that is stronger but that has 
the same electrical and optical characteristics, e.g. 
sapphire. However, in tiie case of the second embodi- 
ment shown in Figure 2B, this solutbn creates an ad- 

20 ditional interface on tiie path of the Incident light beam 
and on the patii of the reflected light beam. 

As shown diagrammatlcally in Figure 3, the meas- 
urement signals Vrf and Vqp delivered by the detector 
circuits 52 and 54 respectively associated witii the ra- 

25 diofrequency sensor and with the optical sensor are 
applied to a circuit 56 for identifying which phase is 
present. The circuit 56 firstiy processes each of the 
measurement signals Vrf and Vqp to obtain respec- 
tive binary signals having the value zero when the cor- 

30 responding measurement signal Is greater than a 
detenmined threshold and the value one when the 
same signal is below said threshold. Thus, from the 
measurement signal Vpjr, a signal is obtained having 
rectangular pulses for periods of time such as Ato and 

36 Mq respectively representative of a bubble of oil being 
present and a bubble of gas being present at the 
sonde, and from the measurement signal V/qp, a sig- 
nal is obtained having rectangular pulses during each 
period of time such as Ato during which the sonde 

40 "sees" a bubble of gas. 

On the basis of these rectangular type signals, 
the circuit 56 for identifying which phase is present 
can identify the phase in which the sonde is located 
by means of a logic circuit that is particulariy simple. 

45 When neither of the logic signals derived firom the 
measurement signals V^f and Vqp has a pulse, then 
the sonde is in tiie continuous water phase, when a 
pulse is present on both of tiie logic signals, tiien the 
sonde Is present In a bubble of gas, and when a pulse 

50 is present only in tiie logic signal derived from the 
measurement signal Vrf. then the sonde Is in a bub- 
ble of oil. 

The circuit 56 also indicates which of the phases 
present fomns the continuous phase (except when the 
55 fluid contains water and gas only, in which case the 
responses of the two sensors are the same). 

The information obtained in this way by the circuit 
56 concerning tiie fluid phase in which the sonde is lo- 
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cated is transmitted to a processor circuit 58, e.g. in 
tlie ft)nn of a signal So when the sonde is in a bubble 
of oil and in the form of a signal Sq when the sonde Is 
in a bubble of gas. 

The processor circuit 58 which, It should be ob- s 
served, is formed byasingle circuit for both of the sen- 
sors of the sonde 40, also receives each of the 
measurement signals V^p and Vop. By applying a pre- 
established program (which may depend, In particu- 
lar, on which of the two signals So and Sq is received), lo 
the processor circuit 58 can make use of either one 
only of the two measurement signals V^p and Vop, or 
else It may make use of both of these signals simul- 
taneously. 

On the basis of at least one of the measurement is 
signals Vrf and Vop, the processor circuit 58 serves 
to detenmine various parameters concerning the flow 
of fluid present in the well, at the level at which the log- 
ging tool 18 of Figure 1 is located. To do this, it is ad- 
vantageous to process that one of the measurement 20 
signals which has the maximum amplitude variation 
for the phase that is present The flow parameters 
may be detected, In particular, in the manner descri- 
bed in french Patent 2 645 901 . 

As described in that document, it is possible to de- 25 
duce from at least one of the measurement signals a 
signal that Is representative of the time Interval re- 
quired for the measurement signal in question to 
switch from one level to the other. The gradient of the 
measurement signal Is then calculated, which gra- 30 
dient is proportional to the displacement velocity of 
the bubble in questton. 

The processor circuit 58 also derives from the 
measurement signal in question a signal that is rep- 
resentative of the time that a bubble is present at the 36 
sensor. This signal is then combined with the signal 
representative of the gradient of the measurement 
signal to obtain a signal which is representative of the 
diameter of the bubble in question. 

Finally, the processor circuit 58 serves to totalize 40 
the signals representative of bubble diameter over a 
unit of time to obtain the superficial velocity of the dis- 
persed phase under consideration (oil or gas), which 
corresponds to the local flow rate of this phase as- 
sumed to be on its own spread over the section of the 4S 
well at that level. 

It should be observed that the various different 
fonms of processing that may be perfonmed by the cir- 
cuit 58 are given purely by way of example, and other 
processing may be envisaged without going beyond 50 
the scope of the invention. 

It may also be observed that although the inven- 
tion is particulariy suitable for performing measure- 
ments in an oil well, other applications are possible, 
particularly in the chemical Industry, so long as there 55 
Is a fluid containing at least three different phases 
flowing along pipework and it is desired to establish 
certain characteristics of the flow of said fluids. Frem 


this point of view, it should also be observed that the 
phases constituting the fluid may be different from the 
three phases described by way of example, providing 
the two small-sized sensors located at substantially 
the same location are capable of distinguishing the 
three phases by measuring different physical charac- 
teristics of the fluid. 


Claims 

1. A method of locally determining the nature of a 
phase in a flowing fluid that may contain three dis- 
tinct phases, comprising the steps of: 

generating at least two signals at substan- 
tially the same point in the fluid, said signals being 
respectively representative of the local values of 
different physical properties of the fluid at said 
point, said properties being such that each phase 
corresponds to a distinctive set of signals; 

detecting said signals; and 

identifying the nature of the phase from the 
set of detected signals. 

2. A method according to claim 1 , wherein a firet one 
of the signals is representative of the dielectric 
constant of the phase. 

3. A method according to claim 1 or 2, wherein a 
second one of the signals is representative of a 
physical property selected from the group com- 
prising: the refractive index of the fluid; the pres- 
sure of the fluid; and the propagation velocity of 
sound in the fluid. 

4. A method according to claim 3, wherein said sig- 
nals are generated by placing a sonde in the fluid, 
the sonde comprising a radlofrequency sensor 
and an optical sensor that are mounted coaxially. 

5. A method of determining the flow parametera of 
a fluid tha: may contain three distinct phases, 
comprising the steps of: 

generating at least two signals at substan- 
tially the same point In the fluid, said signals being 
respectively representative of the local values of 
different physical properties of the fluid at said 
point, said properties being such that each phase 
corresponds to a distinctive set of signals; 

detecting said signals; 

identifying the nature of the phase from the 
set of detected signals; and 

processing at least one of said measure- 
ment signals to obtain at least one processed sig- 
nal representative of a flow parameter of the 
phase that Is present 

6. A method according to claim 5, wherein the meas- 
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urement signal which is processed is that one of 
the measurement signals which has the largest 
amplitude variation for said phase that Is present. 

7. A method according to claim 5 or 6, wherein the s 
measurement signals are generated by placing a 
sonde in the fluid, the sonde comprising a radio- 
frequency sensor and an optical sensor disposed 

coaxlally. 

10 

8. Apparatus for detemnining the flow parameters of 
a fluid that may contain three distinct phases, 
comprising a sonde including two local sensors 
located at the same point and responsive to re- 
spective different physical properties of the fluid, 15 
to deliver signals that have different levels de- 
pending on the phase which is in contact with the 
sonde, said signals constituting a different set for 
each of the phases of the fluid. 

20 

9. Apparatus according to daim 8, wherein the 
sonde comprises a radiofrequency sensor and an 
optical sensor mounted coaxlally. 

10. Apparatus according to daim 9, wherein the 25 
sonde comprises a coaxial cable having one end 
constituting the radlofrequency sensor, the co- 
axial cable Including a metal-coated central opti- 
cal fiber having one end which constitutes both 

the optical sensor and a central conductor of the 30 
radlofrequency sensor. 

11. Apparatus according to daim 9, wherein the 
sonde comprises a coaxial cable having one end 

that fonns the radlofrequency sensor, said co- 35 
axial cable induding an intermediate tube made 
of an electrically insulating material, and having 
one end which constitutes both the optical sensor 
and an insulator of the radlofrequency sensor. 
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